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Page 2 Teaching By Example : BLAST

Introduction

BLAST programs from NCBI are powerful sequence alignment tools widely used in the analyses of biological
sequences. In this booklet, we will work through five representative approaches that apply different functions
provided by NCBI BLAST services (blast.ncbi.nim.nih.gov) to address specific biological questions. Those ex-
amples will help you familiarize yourself with the web interface, better understand the capability of different
BLAST programs, and learn the different result presentation formats plus their applications. With diverse se-
quence collections, you should be able to create your own working examples for use in your own teaching, or
use different combinations of demonstrated capabilities to address your research needs.
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Case 1: Identify Unknown Bacteria Using the 16S rRNA BLAST Database

Goal
To validate the identity of an unknown bacterial sample using the 16S rRNA BLAST database

Background

e Useful in microbiology lectures and laboratory courses

¢ About 5 minutes to complete the exercise

« A common exercise in microbiology is to identify a bacterial sample based on biochemical and growth prop-
erties. Another approach is to use targeted PCR amplification and analysis of genomic variations in the 16S
rRNA gene to validate and even identify microbial samples. The 16S rRNA gene has a very conserved se-
guence overall that maintains its structure and role as a scaffold for the small subunit of the ribosome. This
enables the use of “universal” primers for PCR amplification, but the gene contains a few regions of variabil-
ity that allow it to be exploited for identification of microbial species.

Steps

o From the BLAST home page (blast.ncbi.nlm.nih.gov), click Nucleotide BLAST to open the search page
(A). You may want to use Reset Page (B) to return to default settings.

e Choose one or more sequences of a 16S rRNA region for an “unknown” bacterial sample. Retrieve those
sequences from the FTP directory for this course (bit.ly/2suC3Ix). These sequences mimic the results of
PCR amplification by a set of microbial universal primers.

o Paste one or more sequences into the Enter Query Sequence box (C), or upload the file through Choose
file button (D).

» Select the 16S ribosomal RNA sequences database using the database pull-down menu (E).

e Click the BLAST button to run the search.

Search results are shown on the next page.

BLAST “ o blastn suite Home  RecentResults  Saved Strategies  Help
Standard Nucleotide BLAST

blastn | blastp | blastx | thlastn | tblasix | —\

BLASTN programs search nucleotide databases using a nucleotide query. more... C > Reset page
Bookmark
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) \_&,;- Clear Query subrange &

From
@ TO
A
Or, upload file Choose File | No file chosen (]
E Job Title
Enter a descriptive fitle for your BLAST search @)

Nucleotide collection (nr/nt) ° v
Genomic plus Transcript

Human genomic plus transcript (Human G+T)

Mouse genomic plus transcript (Mouse G+T)
Other Databases
Nuclectide collection (nrint)
165 nbosomal RNA sequences (Bactena and Archaea)
Reference RNA sequences (refseq_ma)

Align two or more sequences &)

Nucleotide BLAST page with 16S database seet as the target:
Choose Search Set

Database Human genomic + transcript ~'Mouse genomic + transcript ® Others (nr etc.): http://bit.ly/2F2Ngml

+ | 165 ribosomal RNA sequences (Bacteria and Archaea) M | (2]

RefSeq Representative genomes (refseq_representative_genomes) g;g::;lsm Exclude  *
RefSeq Genome Database (r_efseq_genornes) Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown (g)
Whole-genome shotgun contigs (wgs) . -
Expressed sequence tags (est) la:?;tnta? Sequences from type material
Sequen_ce Read Archive (SRA) Entrez Query Youllli) Create custom database
Transcriptome Shotgun Assembly (TSA) Optional - .
LI Enter an Entrez query to limit search @

High throughput genomic sequences (HTGS)
Patent sequences(pat)

Protein Data Bank (pdb) Program Selection
Reference genomic sequences (refseq_genomic)
Human RefSeqGene sequences(RefSeq_Gene)
Genomic survey sequences (gss) More dissimilar sequences (discontiguous megablast)
Sequence tagged sites (dbsts)

Optimize for * Highly similar sequences (megablast)

Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

BLAST )} Search database 165 ribosomal RNA sequences (Bacteria and Archaea) using Megablast (Optimize for
I highly similar sequences)
Show results in a new window
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Case 1 (cont.)

Interpretation

It is common for this conserved
region to match many bacterial
sequences. However, by identi-
fying those closest to the query
sequence, it is possible to es-
tablish a likely identity for the
unknown sample.

Teaching By Example : BLAST

®
BLAST > blastn suite » RID-894HX935014
BLAST Result

Home Recent Results Saved Strategies Help

S

Edit and Resubmit Save Search Strategies & Formatting opticns

& Download

YoulfJ How to read this page  Blast report description

Job title: 7 sequences (Shigella dysenteriae)

Results for:
RID

Query ID
Description
Molecule type

1:lcl|Query_141321 Shigella dysenteriae(1487bg)
8965H3M1014 (Expires on 02-16 03:14 am)

lcl|Query_51349
unknown Shigella
nucleic acid

Database Name rRNA_typestrains/prokaryotic_165_ribosomal_RNA

C lescription 1565 ribosomal RNA (Bacteria and Archaea)
Program BLASTN 2.8.0+ ® Citation

v| @

e The Descriptions section of e .
the BLAST report pr0V|deS a cf::;;_lri?:t:;_:rj::h Summary, [Taxonomy reports] [Distance tree of results]
quick view of the results (A). ObDescriptions
For very similar results like Sequences producing significantalignments: A
these, Max score is often, but Select All Nane Selested 0 m
not always, the important statis- |~ # e o
tic. Consider the percent identi- Description e o e et Accsssion
ty and query Coverage, al”ld Shigella dysenteriae strain ATCC 13313 16S ribosomal ENA gene Dar.\a\a::,i]uence 2747 2747 100% 0.0 100% NR_D26332.1
Conf”'m |dent|f|Cat|0n by |00k|ng Shigella flexneri strain ATCC 29003 168 ribosomal RNA gene, partial sequerce 2669 2669 100% 00 99% NR 0263311
|n the Alignments Sectlon (B) Escherichia fergusonii strain ATCC 35469 16S ribosomal RNA,_complete sequence 2658 2658 100% 00 99%

H Escherichia mammotae sfrain HT073016 165 ribosomal RNA, partial sequende 2662 2662 100% 00 99%

* YOU. can use the Formattlng Citrobacter amalonaticus strain CECT 363 163 ribosomal RMA gene,_partial fequence 2542 2542 100% 00 98%
opt’ons menu near the top Of Kosakonia sacchan sirain SP1 168 rbosomal RNA. partial sequence 2529 252% 100% 0.0 97%
the reSUIts page to more eas”y Enterobacter massiliensis strain JC163 168 ribosomal RNA gene, partial seqlience 2525 2525 100% 00 97%
Compare the allgnments (SUCh Salmonella enterica subsp. enterica sirain Ty2 168 ribosomal RNA _partial sefjuence 2519 2519 100% OO0 97%
as) by Changing the Alignment Salmonella enterica subsp._arizonae sirain ATCC 13314 168 ribosomal RNApene partial sequer 2519 2519 100% 0.0 97%

View to one Of the ...With dots Salmonella enterica subsp. enterica strain LT2 16S ribosomal RNA, partial E*M 2514 2514 100% 00 97%
for identities formats (no illustrated). _

« Finally, the Distance tree of results link | =Povnioad v Genfank Graphics : : i
(C) provides a quick, BLAST-based phylo- | S5 ysrieras sran ATCC 121 18 oo S e sl e
genetic tree of the alignments. This is an- Range 1: 1 to 1487 Genfiank Graghics '
other way to identify the sequence that is Score Expect  Identiffes Gaps Strand

t Similar tO the unknown Sample. 2747 bits(1487) 0.0 1487/1487(100%) 0/1487(0%) Plus/Plus
mos Query 1 TOECTCAGAT TEAACGCTGECaa GG CTAACACATGCAAGTCGAACGATALCAGAANG
o 1 R
Query 61 CAGCTTGCTGTT TGCTGACGAGT GO GGACGOGTGAGTAATATCTGROARACTGLCTGAT 128
o kit nintlo i v
Query 121  GOAGGOGGATAACTACTGGAAACGOAGCTAATACCGCATASCOTCOCAAGACCAAAGAG 158
o o SLGA I ETITIL -
Find: v ([@Tan - [ + W @FIIGao 43P HeTools ~ | (®upload | & | 7 -~

4= | gk | primates

leaf-count: 21

Salect enterobacteria | 7 leaves
CD”EIDSE enterobacteria | 52 leaves
Reroot trea

Show subtree

Show Alignment

Hover over a node or a collapsed branch triangle to s
popup menu (insert) for tree manipulation.

The display has non-query containing branches collapsed.

Success

“# Trabulsiella guamensis strain NBRC 103172 165 ribosomal RNA gene. partial sequence

il enterobacteria | 9 leaves

enterobacteria | 14 leaves

enterobacteria | 5 leaves

enterobacteria | 10 leaves

unknown Shigella

“ Escherichia marmotae sttain HTOT3016 168 ribosomal RNA | paitial sequence

“ Shigella dysenteriae strain ATCC 13313 165 ribosomal RNA gene, partial sequence

Nodes 201(0 selected ) =

View port at (0,0) of 926x827 |F=——
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Page 5 Teaching By Example : BLAST

Case 2: Identify PCR Primer Pairs for Amplifying the Coding Region of an mRNA

Goal
Use Primer-BLAST to find a PCR primer pair that can be used in the laboratory to amplify a coding region of
an mRNA

Background

o Useful in molecular biology and biochemistry courses

e About 10 minutes to complete the exercise

A common laboratory exercise in molecular biology and biochemistry courses is to design PCR primers for a
target sequence. This target sequence is often a protein coding sequence that can be subsequently ligated
into an expression plasmid and then used for other lab sessions, such as expression and characterization of
the protein, mutagenesis, or promoter analysis.

Steps

o Retrieve NM_000250, the RefSeq mRNA sequence for Human Myeloperoxidase, MPO (A) from the Nucle-
otide database

o Use the web browser’s Find in page function (ctrl+F) to find the CDS feature. The coding sequence (CDS)
for this gene starts at position 178 and ends at position 2415. It is 2238 nucleotides long (B). Write down
these positions because you’ll need them in subsequent steps.

e On the right side of the record under Analyze this sequence, click Pick Primers (C) to open the Primer-
BLAST page with the accession already entered as the template.

o To amplify the CDS region, set the ranges for Forward and Reverse primers outside of the CDS positions
in the record. For forward primer range set the range from 138 to 178. For the reverse primer, set the range
from 2415 to 2500 (D). Also, adjust the PCR product size by increasing the Max size to 2500 (E), so that
the entire CDS amplifies.

o Click Get Primers to run the search (not illustrated), which uses the default database RefSeq mRNA data-
base limited to Human.

Homo sapiens myeloperoxidase (MPO), mRNA{ A [change region shown -
NCBI Reference Sequence: NM_000250.1 . .
FASTA Graphics Customize view o
Go to: . -
Locus NM_eea2se 3215 bp  mRNA  linear PRI 2a-Ian-201g ANalyze this sequence
DEFINITION Homo sapiens myeloperoxidase (MPO), mRHA. Run BLAST
ACCESSION NM_eeazse . .
VERSION NM_808250.1 Pick Primers
FEATURES Location/Qualifiers Highlight Sequence Features
source 1..3215 Find in this Sequence
forganism="Homo sapiens”
fmol_type="mRNA" Show in Genome Data Viewer
fdb_xref="taxon:2606" Range
/chromosome="17"
fmap="17q22"
sene 1 aas From To
fgene="1P0" H
fnote="myeloperoxidase" Fﬂrw.ﬂrd primer 122 178 e Clear
fdb_xref="GeneID:4353" . B
/db_xref="HGNC :HGNC:7218" Reverse primer 2415 2500
fdb_xref="MIM:506983"
Zxon 1..231
fgene="1pPO"
finference="alignment:Splign:2.2.8" ( (Dj
misc feature  127..129 Resetpage Save search parameters Retrieve recent results Publication T Inding specific primers
fgene="MPO" PCR Temylate
te="upst in-f t don”
D3 122.24:25 resm fnmirens step codon Enter accessipn, gi, or FASTA sequence (A refseq record is preferred) @ Clear Range
/gene="11PO" HM_888258.1 o To
;Ecanumbi,-:;:n, 2.2" Forward primer |133 178 © Clear
fco on_start= . " Reverse primer 2415 2500
product="myeloperoxidase precursor y
B | fprotein 1d="IP 002241.1" Or, upload FASTA file Choose File | No file chosen
N
Primer Parameters
cDs 178, .7241%5 U?e my own forward primer @ Clear
........... (5°-=3" on plus strand)
m " 1
ane="FPO Use my own reverse primer ) ci
'I'llg (5°>3" on minus strand) -z =
Min Max
PCR product size 7o 2500 @
# of primers to return 10
Min Opt Max Max Tm difference
Primermelting temperatures (Tm) |57 0 600 630 3 @
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Case 2 (cont.)

Interpretation

Teaching By Example : BLAST

e ltis important to find PCR Primer pairs that will amplify only the sequence intended. In this case, the se-
lected PCR Primer pairs should amplify only the Human MPO transcript.
o The top of the results page (A) summarizes the Primer BLAST search. The Detailed primer reports sec-
tion (B) lists a set of primer pairs and their key characteristics for you to select from.
e You can find suggestions on how to get primers specific to your template from the tips page, at

www.ncbi.nlm.nih.gov/tools/primer-blast/search tips.html

e Itis most important for both primers in a pair to have similar Tm values and GC percentages when possi-
ble. In addition, self-complementarity should be low to prevent primers binding to themselves and each oth-

er, rather than the template.
o By default, Primer BLAST us-

es strin gen t parame 1ErS. YOU | ucon rmer LAST resulte Job 11 PinXewiEYortRomoammombLbBOI00T, e s

can reIaX them |f you are not Input PCR late NM 000250.1 Homo sapiens myeloperoxidase (MPO), mRNA A
. . . Range 138 - 2500
able tO f|nd any SUItable prl- Specificity of primers Primer pairs are specific to input template as no other targets were found in selected database: Refseq mRNA
. {Organism limited to Homo sapiens)
mers. Be aware that this may Ctireriepor =B s )
incr h ntial of mis- i i ; i
crease the potential of mis- | | Graphical view of primer pairs
primed amplification due to
H 2 NM_p00250.1+ | Find: v @, i @, i 2= Tools~ I Tracks @2 9 -
annealing to secondary an- 5 o R X | Qs 2
. ) 1 [ Templote INLC: @ |22 [tk .22 |L480 |Lee8 1,208 [2 |2.2e8 |z.488 [
nealing sites on other tem- — ‘
Genes | Exon ®
plates . econ M =xon o [ S =xon =xon
exon IR evon I =xon exon o |
exon
Genes e
L)
HF_BBG241.1 -
Primer|pairs for job -PInd dAwgmPLIbBO2Dgt Tw E ]
Friner 1f> 4
Priner 2 B 4
Friner 3 - 4
Priner 4 4
Brimar ok 4
. - :
Detailed primer reports <
A‘a
=
Primer pair 1 4
Sequence (5'-»3") Template strand Length Start Stop Tm  GC% Self complementarity Self 3' complementarity |1482 1528 t:508 |2k |2,286- |2.488 |50
Forward primer GGTACAAAGGGGGATTGAGCA Plus 2 141 161 5999 5238 400 200 ¥ Tracks shown: 4/12
Reverse primer ATATACCCCTCACTGCTGCAC  Minus 21 2451 2431 59.58 52.38 5.00 3.00
Product length 2311
Products on intended target
>NM_000250.1 Homo sapiens myeloperoxidase (MPQO), mRNA
product length = 2311
Forward primer 1  GETACAAMGGGGGATTGAGCA 21
Template . 161
Reverse primer 1 ATATACCCETCACTGCTRCAC 21 -
Templote BASL  teeeer e 2431 @Graphlc Summary
Primer pair 2 Distribution of the top 2 Blast Hits on 1 subject sequences @
Sequence (5">3) Template st Mouse aver to see the title, click to show alignments
Forward primer TACAAAGGGGGATTGAGCAGC Plus —
Reverse primer GCCCAGATATACCCCTCACTG  Minus Color key for alignment scores
Product length 2315 B <40 W 40-50 M s0-80 M s0-200 W ==200
Products on intended target Query
>NM_000250 1 Homo sapiens myeloperoxidase (MPQO), mRNA I1 1I0 2‘0 3|0 4‘0 SIO
product length = 2315
Forward primer 1  TACAAAGGGGGATTGAGCAGE 21
Template . 163
Reverse primer 1 GCCCAGATATACCCCTCACTG 21 @Descriptions Cc |
Template 2457 eiiiiiiiiiiaeaa 2437 e

Sequences producing significant alignments:
Select: All None Selected:0

i1 Alignments
Description

Homo sapiens myeloperoxidase (MPO), mENA

To confirm the specificity, you

Max | Total Query
SCOre SCOre  cowver

399 798 T2%

o

E

Ident | Accession
value

0.020 100% NM_000250.1

can run a Nucleotide BLAST search, with program set to blastn, against the human RefSeq RNA dataset. To
force BLAST to align each primer independently in a single search, while preserving their spatial relationship,
make sure you provide the primer set in this example format, GGTACAAAGGGGGATTGAG-
CANNNNNNNNNNNNNNNNATATACCCCTCACTGCTGCAC. In the result display, the primers matching to
different parts of the same target sequence have a thin line connecting them (C).
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Case 3: Generate Species and Gene Phylogenetic Trees

Goal
Use blastn and blastp to find homologous molecules and generate distance trees.

Background
Useful in general biology, molecular biology, and vertebrate zoology courses

i) Ape Phylogeny

About 15 min for each of two examples
Example i) generates a phylogeny of apes

Teaching By Example : BLAST

using complete mitochondrial genome sequences. Example ii)

builds a gene (protein) tree for the creatine kinases, a small protein family with four or more members in

vertebrate proteomes.

FASTA  Graphics

Steps:
. . . Go to:
o Retrieve the ring-tailed | _ \C 004025
lemur mitochondrial DEFINITION
genome Sequence ACCESSICON NC_ead4a2s
’ VERSION NC_ea4a25.1

Lemur catta mitochondrion, complete genome
NCBI Reference Sequence: NC_004025.1

Lemur catta mitochondrion, complete genome.

Analyze this sequence —
@ Run BLAST
Pick Primers

Highlight Sequence Features
circular PRI 21-FEB-2018

Find in this Sequence

17036 bp DA

accession number

NC 004025.1, from the Nucleotide database. You can use this sequence as a query to retrieve and align

the ape mitochondrial genomes using blastn.

Click Run BLAST (A) on that Nucleotide page to load the blast search form.

Select the RefSeq Genomic sequences (refseq_genomic) as the database (B). This database contains
all genomic sequences from NCBI's RefSeq project. The information icon ? links to a detailed description

of the database.

Paste in the following list of accessions for apes mitochondrial genomes to the Entrez Query box (C):
NC_001643 OR NC_001644 OR NC_001645 OR NC_001646 OR NC_002082 OR NC_002083 OR

NC _011120 OR NC_011137 OR NC_012920 OR NC_013993 OR NC_014042 OR NC_014045 OR

NC _014047 OR NC_014051 OR NC_018753 OR NC_021957 OR NC_023100 OR NC_033882 OR
NC_033883 OR NC_033884 OR NC_033885

Adjust the BLAST program to More dissimilar sequences (D), expand the Algorithm parameters sec-

tion and set the Expect threshold to 1e-46
Click BLAST button to submit the search.

(E). A page with the above setting is at http://bit.ly/2qBBJo4

The results showed nearly full-length
matches to the lemur query. These in-
clude mitochondrial genome sequences
from gorillas, chimpanzees, orangutans,
gibbons, and four distinct taxa in the ge-
nus Homo — modern humans, plus three
extinct groups: the Neanderthal and Den-
isovan hominids as well as Homo heidel-
bergensis (not shown). The Taxonomy
report (F) shows the taxa represented in
the output.

Click the “Distance tree of results” link
to generate a tree.

@ Your search is limited to records that include: entrez query: |

Job title: NC_004025:Lemur catta mitochondrion, com

Edit and Resubmit

Save Search Strategies & Formatting option

RID

Query ID NC 004025.1

DAFNAZPPO14 (Expires on 04-18 08:24 an‘| E > Expect threshold e

Choose Search Set

Database Human genomic + transcript Mouse genomic + transcript '® Cthers (nr etc
Reference genomic sequences (refseq_genomic) Y| @ ﬂ

Organism

Optional Exclude &
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown @

Exclude Models {(XM/XP) | Uncultured/environmental sample sequences

Optional

Limit to Sequences from type material

Optional —

Entrez Query NC_001643.1 OR NC_D01644.1 OR NC_001645.1 OR NC_0| Youlll[[J Create custom d

Optional Enter an Entrez guery to limit search @

Program Selection

Optimize for Highly similar sequences (megablast)
* More dissimilar sequences (discontiguous megablast) @
Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)
BLAST | Search database Reference genomic sequences (refseq_genomic) using Discontiguous megal

Show results in a new window

(=) Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and|

General Parameters

Max target
sequences

00 »
Select the maximum number of aligned sequences to display &

Short queries ¥ Automatically adjust parameters for short input sequences &

@

Lemur catta mitochondrion, complete genome
dna
17036

Description
Molecule type
Query Length

Other reports: & Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]

Description NCEI Genomic Reference Saguences
Program BLASTN 2.8.0+ P Citation
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Page 8 Teaching By Example : BLAST

Case 3 (cont.)

Interpretation:

The tree supports the two distinct groups of apes: the Great apes (Hominidae, A) containing humans,
chimpanzees, gorillas and orangutans, and gibbons (Hylobatidae, B). It also shows the chimpanzee (Pan
troglodytes) and the bonobo (Pan paniscus) as the closest living relatives of humans and the Neanderthal
as the closest extinct relative (C).

Note that this tree is based completely on blastn’s local and pairwised comparisons to the query (lemur)
sequence. It produces a reasonable alignment for generating the tree due to overall conservation in the
mitochondrion genomes for this group of organisms. The most accurate tree, however, requires a true
multiple sequence alignment (using a tool such as MUSCLE) for nucleotide sequences. NCBI does not
have a separate nucleotide multiple alignment tool. Example ii) below uses a true protein multiple align-
ment through COBALT to generate a protein tree.

Find: v ([ all| - + 7| {} Qoo {48 AeTools ~ | @upload | @ 7~

; st GeNOME
chondrion, complete genor
isolate HHO2 mitochond
Hoolock hoolock 150
Hylobates pileatus mitochondrion, complete genome Hoeolock leuconedys x Hoolock tianxing isolate DANDAN mitochondrion, complete genome

Hylobates lar mitochondrion, complete genomse
Y ¥ & Hoolock tianxing isolate NA L mitochondrion, complete genome

Hylobates agilis mitochondrion, complete genome
Hoolock leuconedys voucher KIZ:90218 106 mitochondrion, complete genome

MNomascus leucogenys mitochondrion, complete genome
Svmphalangus syndactylus mitochondrion, complete genome

Nomascus siki mitochondrion, complete genome
BLemur catta mitochondrion, complete genome

Nomascus gabriellae mitochondrion, complete genome

@ Pongo pygmaeus mitochondrion, complete genome
Pan troglodytes mitochondrion, complete genome

Pongo abelii mitochondrion, complete genome
Pan paniscus mitochondrion, complete genome

Gorilla gorilla mitochondrion, complete genome
Homo sapiens neanderthalensis mitochondrion, complete genome

Gorilla gorilla gorilla mitochondrion, complete genome

Homo sapiens mitochondrion, complete genome

Homo sp, Allai mitochondrion, complete genome Homo heidelbergensis mitochondrion, complete genome

ii) Creatine Kinase protein tree

Steps

Retrieve human creatine kinase B-type protein, NP_001814.2, from the Protein database. Use it as a
blastp query to retrieve the tetrapod vertebrate creatine kinases, then perform a multiple sequence align-
ment for the matched sequences using COBALT to make a protein tree.

Click Run BLAST on that Protein page to load the blastp search form (as described in Case 3i).

Change the database to Reference proteins, which contains NCBI RefSeqs used in or generated by the
NCBI genome annotation pipelines. Click the information icon ? to see more information.

Type tetrapods in the Organism box and select taxid:32523 from the list. This limits the search to se-
quences from this group of organisms.

Eliminate predicted entries by checking the Exclude box for Models to get a smaller tree.

Expand the Algorithm parameters section and set the Expect threshold to 7e-55 to further limit hits re-
turned by BLAST. Click the BLAST button to run the search.
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Case 3 (cont.)
ii) Creatine Kinase Protein Tree

Steps

Teaching By Example : BLAST

e In the results page, click

BLAST Results

Multiple alignment (A)

| @ Your search is limited to records that include: tetrapods (taxid:32523) ; and exclude: models (XM/XP) & Full Entrez Query.

to send matched pro-
teins to COBALT for true
multiple sequence align-
ment. Note that the mul-
tiple alignment will in-
volve residues that were

Edit and Resubmit

RID

Query ID
Description
Molecule type
Query Length
Other reports: > Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment] [MSA viewer]

Save Search Strategies
Job title: (2) - NP_001814:creatine kinase B-type [Homo sapiens]
8MWR11F5014 (Expires on 02-20 12:46 pm)
NP_001814.2

t Formatting_options

creatine kinase B-type [Homo sapiens]

amino acid
381

& Download

Youll[j How to read this page  Blast repol

I Database Name refseq_protein
Description NCBI Protein Reference Sequences
A Program BLASTP 2.8.0+ P Citation

not present in the local

|

BLAST alignments,

coALT (© ]

B

Constraint-based Multiple Alignme|

o . -
[Multiple alignment] | Cecont Recults

Help

such as the signal pep-
tide from the mitochon-
drial targeted proteins.

Multiple Alignment Results - (2) - NP_001814:creatine kinase B-type [Homo sapiens] - Cobalt RID SMWTGY4C211 (46 seqs)

}Q Tools -

Find:
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Interpretation

e The resulting tree (right) is complicated by the presence of multiple isoforms from the same gene in a par-
ticular species. However, there are clearly two distinct groups of proteins, mitochondrial (D) and cytoplas-
mic (E), with two types of genes in each, U-type (D1) and S-type (D2) for mitochondrial group, and M-type
(E1) and B-Type (E2) for Cytoplasmic group. This is a good example of a gene (protein) tree as compared
to a species tree. Notice that mouse and human have proteins in all four groups, and that the mouse M-
type is more similar to the human M-type than it is to the mouse U-type. Within a particular protein type
though, tetrapod relationships are about as expected. For instance, the mouse M-type is closer to the rat
M-type than either is to the human M-type.
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Case 4: Annotate a Metagenomic Contig

Goal:
Use blastx to find potential proteins/genes on a genomic contig.

Background

Useful in molecular biology and microbiology courses

About 10 min to complete the exercise

Other software is often used for large-scale gene prediction and annotation, but blastx nicely illustrates
the principles.

Steps

Retrieve accession number MIZB01000007.1 from the Nucleotide database. This is a 13.7 kb genomic
contig assembled from an Euryarchaeal marine metagenomic reads.

Click Run BLAST on that Nucleotide page, click the blastx tab at the top to change the program.

Select the Model Organisms (landmark) database. The reason for selecting this database is that it is
small and non-redundant, with proteomes from a wide taxonomic group, thus your search will be quick
and the result will be more concise. The information icon ? provides more information. Tips: For a larger
database, such as nr, we suggest setting the Expect threshold to 1e-6 (10 to the minus 6th power) or
lower, but that is usually not necessary with the landmark database.

Use the Organism field to limit the search to archaea (taxid:2157) to match the organism source of the
query, and creates a cleaner set of results. However, choose such limits carefully to match the goals you
want to achieve. Click the BLAST button to submit the search.

You may want to save the Request ID (RID) number found on the results page for later use, although they
are saved in Recent Results page for the current browser session. All RIDs expire after about 36 hours.
We want to compare results with a search against the protein nr database. Click the Edit and resubmit
link near the top of the page, then change the database to nr. Set the Expect threshold to 1e-6, check
that the Organism limit remains, then click the BLAST button.

Interpretation

The search against the Landmark database (A) suggests four possible genes on the contig, including: Hef
nuclease, DNA topoisomerases, alanine-tRNA ligase, and mannose-1-phosphate guanylyltransferase.
The value of searching multiple databases: the search against Landmark identifies the Hef nuclease,
which was only labeled “hypothetical protein” in the search against nr (B). The search against nr adds the
oligopeptide transporter, OPT family (C).

Further analyses, including close examination of conserved domains in the proposed proteins, are ad-
vised to confirm the annotation.

Distribution of the top 100 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores
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Case 5: Examine Conserved Domains and Solved Structures to Support a Pro-
tein Annotation

Goals:
Use blastx to find a structure record related by sequence to your annotated protein
Confirm that your protein contains important sequence motifs for the conserved domain
View these motifs on the solved structure using the iCn3D or Cn3D viewers.

Background:
Useful in many biology courses.

About 15 min

Steps
Run a blastx search with the contig from Case 4, MIZB01000007.1 as the query.

Choose Protein Data Bank proteins (pdb) as the database, which contains solved structures from
NCB/I's Structure database. Lower the Expect threshold to 1e-6 to return only the better alignments.

On the results page, we’ll focus on the best hit, an alanyl-tRNA synthetase (another name for alanine-
tRNA ligase). In the Descriptions section of the results page, click the Accession link for SWQY_A, the
crystal structure of Archaeoglobus fulgidus alanyl-trna synthetase in complex with wild-type tRNA(ala).

In the Protein record for 3WQY_A, click Identify Conserved Domains under Analyze this Sequence.
Notice the match to AlaRS_core domain, when viewed in Full Results mode (A).

To see how residues in the motifs match the sequences used to construct this domain, click on the
AlaRS_core bar (B) in the “Specific hits” row to open the domain.

In the Conserved Features/Sites tab, click on motif 1 and Scroll to Sequence Alignment Display (C),
the 3WQY_A sequence is called the query and motif 1 is marked by the # symbols.

Teaching By Example : BLAST

Conserved domains on [gi| 1101737691 |gb|0IR21235.1]] @
alanine--tRMA ligase [Marine Group III euryarchasote CG-Epil]

Protein Classification

alanine--tRMNA ligase (domain architecture ID 114886935)
alanine--tRMA ligase catalyzes the attachment of alanine to the 3' OH group of nbose of tRMNA(AlZ)

Graphical summary Zoom to residue level BELLCLE R S S
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1‘|3' | Z'Ell 38 [ Conserved Features/Sites[7 | FubMed References [7] |
FhEHEH
TEEVRSKFITYFKAN- - -NHTHYPASSLI - -pDP Feature 2: motif 1
LDEAREAFLRFFEKN- - -KHTRVDRASvarwRl
ISEMREYYLSFFEAr---GHTRLDRYPVYvarwRL
VWEAGEEFFRFFERh- - -DHEVLDRYPVvarwRl
LDEMREKFLRFFEKheiyPHGRVKRYP\ IpTmRt Scroll to Sequence Alignment Display
VKEAREKFLSFFEKr---GHTRIPPEPV1arwREDI--1C LASIVUIgFNV LSULUFFFAlFLU VP S IRLEULUNVE 130
VGEAREAFLSFFEKh- - -GHTRVPPRPVvarwREDL- -YLTIASIVVFQPHVESGLVPPPanPLYISQPSIRLedidnvg 128
LDEMREYYLMNFFERr---GHGRI ERYPYvarwRTDi- -YLTIASIADFQPFVESGVAPPPanPLTISQPCIRLddldsvg 136
LSEMRDAFIKFFEKr- - -GHKFLKPYPVwprwREDv - - LLVNAS I¥YDFQPHVESGIVRPPEnPIVMSQPSIRMndvdlvg 136
TAEIRQAFLDFFHSk- - -GHOWVASSS Ly - -pHNDpt LLFTHNAGMNQFKDVF - LGLDKRNy sSRATTSORCYRAggkhndl 78

SR active site motif 1 motif 2

Evidence:
. Comment: charactenstic modf of class Il i part of dimer interface
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Case 5 (cont.)

Steps (cont)

e To view the solved structure, go back to the 3WQY A protein record. Click on the thumbnail graphic of
the structure on the right side of the page. Four structure records are shown. Click on the “View in iCn3D”
link for PDB ID: 3WQY (the second record).

e The structure contains both the _A (A) and _B (B) chains, plus a tRNA(ala) (C). Locate the motif 1 resi-
dues in the sequence by using the browser’s “find in page” function to search for RIERY. You find this mo-
tif at residues 80-84. Click and drag over RIERY to highlight those residues in yellow on both the se-

quence and in the viewer (D).

Interpretation

e You can examine the oth-
er features in the 3WQY
sequence to confirm their
similarity to the members
of the conserved domain,
and do the same analysis : : - - —
with the other domains. ; % GCeccecececc e RRRRRRRARRAC CEEEE
This type of analysis in- S iaain delinnelc Aie
creases confidence in the ( Sk _
proposed annotation. 4 ¢ : i

o Starting with a blastx : e iz O
search against the pdb
database is one of several
approaches that lead to
conserved domains and
structure records for your
annotated proteins. You
can also use the records
for the proteins found in a
blastx search against nr or
the landmark database,
such as WP_010877290,
an alanine-tRNA ligase
identified in Case 4.

e If an ORF finding tool is in
your workflow, that also will identify potential coding regions. Our web-based ORFfinder tool accepts nu-
cleotide sequences up to 50 KB, and allows you to directly submit ORFs to the blastp service, https://
www.ncbi.nlm.nih.gov/orffinder. A standalone verison of ORFfinder is also available for Linux, https://
ftp.ncbi.nim.nih.gov/genomes/TOOLS/ORFfinder/linux-i64/.

ELDEMREYYLN
60 70
cccH

HHHEHHHHEHHHAH
EMREYYLNFFERRGHG

Appendix

Please address questions on the above example cases to the NCBI blast-help group:
blast-help@ncbi.nim.nih.gov

For questions and feedback on subjects not related to BLAST, email:
info@ncbi.nIm.nih.gov

You can check the NCBI Learn page for links to help documents, information on webinars, and workshops:
https://www.ncbi.nlm.nih.gov/learn/

The “Tutorials: BLAST” video playlist from NCBI's YouTube channel can be found at:
https://www.youtube.com/playlist?list=PLH-T{WpFfWrtjizMClvUe-YbrlleFQIKMqg

Factsheets on popular resources and common tools are available at:
https://ftp.ncbi.nim.nih.gov/pub/factsheets/README.html
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